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Abstract
The CDMS-II collaboration has reported 3 events in a Si detector, which are consistent with being nuclear recoils due to scattering
of light dark matter particles. We discuss the tension between this result and upper bounds from the XENON10 and XENON100
experiments and under what conditions this tension can be ameliorated. A particular focus will be on experimental uncertainties
(for example concerning the ionisation yield Qy) and uncertainties related to the dark matter velocity distribution. Finally, we
consider various particle physics modiﬁcations of the interactions between dark matter and quarks which can bring XENON10/100
and CDMS-II into better agreement.
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1. Introduction
In contrast to the LHC, direct searches for dark matter (DM) in shielded underground detectors are potentially sensitive
to DM particles with masses far above the TeV scale. While the LHC is insuﬃcient if the scale of new physics is
too high, the real concern for direct detection experiments is that the mass of the DM particle is too small, meaning
of the order of 10 GeV or less. For such small masses, a DM particle from the Galactic halo scattering on a nucleus
typically deposits an energy of only a few keV, which is below the threshold of most direct detection experiments.
Only particles in the tail of the DM velocity distribution have suﬃcient kinetic energy to leave an observable signal in
the detector.
Predicted event rates consequently decrease very rapidly for light DM, but they also become more and more un-
certain. There are two fundamental reasons for these uncertainties: First, the detector response and signal acceptance
at very low recoil energies becomes increasingly diﬃcult to determine [1]. Second, the experimental predictions are
highly sensitive to the assumed shape of the tail of the DM velocity distribution, which is subject to large astro-
physical uncertainties [2–4]. Consequently, direct detection of dark matter may be “a drama not of heaviness but of
lightness” [5].
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Figure 1: Parameter region favoured by CDMS-Si (68% and 90% conﬁdence level) together with the 90% exclusion curves from XENON10 and
XENON100 from our analysis. We consider three choices of the ionisation yield Qy at low energy to illustrate the corresponding variation of the
extracted bound.
In this proceeding, we discuss the diﬃculties arising from the search for light DM in the context of several recent
experimental results, namely the bounds from XENON10 [6] and XENON100 [7] as well as the excess observed in
the Si detectors of the CDMS-II experiment (CDMS-Si in short) [8]. The latter experiment has observed 3 events in
the DM search region, while 0.62 events are expected from background. Taking into account the event distribution,
the DM+background interpretation is preferred over the background-only hypothesis with a probability of 99.8%.
The best ﬁt to the data is obtained for a DM particle with mass 8.6 GeV and cross section 1.9 × 10−41 cm2.
At face value, these parameters are in strong tension with the constraints from XENON10/100. However, this
conclusion is based on several crucial assumptions, in particular the assumption of contact interactions between DM
and nucleons leading to elastic scattering with equal couplings to protons and neutrons. Moreover, the DM velocity
distribution is assumed to be given by the Standard Halo Model (SHM), which is a truncated Maxwell-Boltzmann dis-
tribution with v0 = 220 km s−1 and vesc = 544 km s−1. In the following, we will investigate whether the experimental
tension can be reduced by relaxing these assumptions. The discussion presented here closely follows Ref. [9].
2. General results and discussion of experimental uncertainties
The diﬀerential event rate with respect to recoil energy ER in a direct detection experiment is given by
dR
dER
=
ρ
mNmχ
∞∫
vmin
v f (v) dσdER F
2(ER) d3v , (1)
where mχ and mN are the DM and target nucleus mass respectively, F(ER) is the nuclear form factor, f (v) is the local
DM velocity distribution and ρ is the local DM density, which we take to be 0.3 GeV cm−3. For elastic scattering the
minimum velocity required for a DM particle to transfer the energy ER to a target nucleus is
vmin(ER) =
√
mNER
2μ2
, (2)
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Figure 2: The velocity integral g(vmin) for the SHMwith diﬀerent parameters (left) and alternative descriptions of the DM halo (right). See Ref. [11]
for details.
where μ is the reduced mass of the DM-nucleus system. For spin-independent interactions the diﬀerential scattering
cross section is given by
dσ
dER
= C2T(A,Z)
mN σn
2 μ2nχ v2
, (3)
where μnχ is the reduced DM-nucleon mass and we have deﬁned CT(A,Z) ≡ fp/ fnZ + (A − Z) with A and Z being the
mass and charge number of the target nucleus and fn,p denoting the eﬀective DM coupling to neutrons and protons,
respectively.
Using this framework, as well as the method and experimental details outlined in Ref. [9], we can derive constraints
on the DMmass and scattering cross section. The results of our calculations are shown in Fig. 1. A particular emphasis
is placed on how the sensitivity of the S2-only analysis from XENON10 [6] depends on the behaviour of the ionisation
yield Qy at low energies. To calculate the central bound (thick dashed blue line) in Fig. 1 we adopt the original choice
of Qy made in Ref. [6]. Note that our result corrects an error in the original analysis published in Ref. [6] and is in
good agreement with their updated limit.
We also consider alternative values ofQy, which have recently been extracted from calibration data of the XENON100
experiment [10]. We adopt the range of values given in their Fig. 3, which we have reproduced together with the choice
of Qy from Ref. [6] in Fig. 1 (inset). Most of the sensitivity for detecting low-mass DM relies on recoil energies below
3 keV, where Qy cannot be reliably extracted from the data. We therefore extrapolate Qy in diﬀerent ways that bracket
the range of possibilities.
It is clear from Fig. 1 that although the XENON10 S2-only analysis does constrain the CDMS-Si parameter region,
an unambiguous bound cannot be placed at low mass because of uncertainty in the value of the ionisation yield Qy at
low energy. We conclude that CDMS-Si and XENON10/100 are actually consistent at about 90% conﬁdence level.
Nevertheless there certainly is some tension between these results. We will now explore possible ways to ameliorate
this tension.
3. Astrophysical uncertainties
In this section, we discuss how changes in the assumed DM velocity distribution aﬀect the conclusions presented
above. It can be seen by substituting Eq. (3) into Eq. (1) that direct detection experiments do not directly probe the
local velocity distribution f (v), but rather the velocity integral g(vmin) =
∫
vmin
f (v)/v d3v. For the following it will
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Figure 3: The CDMS-Si region and XENON10/100 bounds calculated for diﬀerent astrophysical parameters. The left panel shows the SHM, but
with higher values of v0 and vesc. The right panel shows the eﬀect of a debris ﬂow which contributes 20% to the local DM density.
therefore be convenient to deﬁne the ‘rescaled velocity integral’ [11, 12]:
g˜(vmin) = ρσn
mχ
g(vmin) . (4)
In Fig. 2, we examine the range of predictions for g˜(vmin) from a variety of models for the Galactic halo. The
left panel shows how g˜(vmin) can change in the context of the SHM if we vary v0 and vesc within their observational
bounds [2]. In the right panel of Fig. 2 we present an overview of the velocity integrals for alternative models and
parameterisations for the halo that exist in the literature (see Ref. [11] for an overview). We note that even for a ﬁxed
choice of vesc and v0 there is a large spread in the predictions of the velocity integral, especially close to the cut-oﬀ.
To develop some intuition for the eﬀect of changing g˜(vmin), we consider two speciﬁc variations. In the left panel
of Fig. 3 we keep the SHM velocity distribution but choose v0 = 250 km/s and vesc = 650 km/s. As a more radical
modiﬁcation we consider the eﬀect of a ‘debris ﬂow’ [13, 14] with velocity vﬂow = 400 km/s and a contribution to
the local DM density of α = 0.2 (right panel of Fig. 3). We see that in both cases the signal region and bounds move
signiﬁcantly, but the consistency of CDMS-Si and XENON10/100 is unchanged.
A useful technique to study halo uncertainties more systematically insight involves mapping the experimental result
into vmin-space [11, 12, 15], i.e. to use results from direct detection experiments to infer information about the rescaled
velocity integral g˜(vmin). For an experiment that measures the diﬀerential event rate (such as CDMS-Si), we can obtain
such information by using the formula
g˜(vmin) =
2μ2nχ
C2T (A,Z)F2(ER)
dR
dER
. (5)
Similarly, we can use experimental null results to place upper bounds on g˜(vmin) [11, 12].
In Fig. 4 we show the resulting measurements and constraints for g˜(vmin) for two diﬀerent values of mχ. In both
cases, the highest data point from CDMS-Si is in signiﬁcant tension with the XENON100 bound. Moreover, we
observe from Fig. 4 that all three experiments probe essentially the same region of vmin-space. This conﬁrms that it
will not be possible to signiﬁcantly improve the consistency of CDMS-Si and XENON10/100 by varying astrophysical
parameters, in agreement with our observations from above.
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Figure 4: The CDMS-Si and XENON10/100 results translated into vmin-space for two diﬀerent values of the DM mass.
Figure 5: The CDMS-Si and XENON10/100 results for exothermic interactions with δ = −50 keV, which enhance the scattering rate on light
target nuclei.
4. Reducing tension between CDMS-Si and XENON10/100
Since modifying the DM velocity distribution has proven to be insuﬃcient to bring CDMS-Si and XENON10/100
into better agreement, we will now explore possible modiﬁcations of the particle physics assumptions. One of the
simplest options is to introduce an additional momentum dependence in the cross section of the form [16]
dσ
dER
=
(
dσ
dER
)
0
⎛⎜⎜⎜⎜⎝ q2q2
ref
⎞⎟⎟⎟⎟⎠n . (6)
This modiﬁcation, however, will not improve the situation, because the momentum transfer q is related to the minimal
velocity vmin by vmin = q/(2μ). For light DM, however, μ is approximately equal to mχ, so that experiments probing
the same range of vmin also probe the same range of q. We cannot therefore signiﬁcantly shift the parameter region
favoured by CDMS-Si relative to the XENON10/100 bounds by introducing a momentum dependence.
We need to modify DM interactions in a way that enhances the scattering rate for light targets compared to heavy
ones. One possibility is to assume that DM-nucleon interactions require the transition between two DM states of
slightly diﬀerent mass, both of which have a sizeable population. This model, referred to as exothermic DM [17, 18],
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Figure 6: Left: Combined parameter estimation of fn/ fp, mχ and σn (not shown). Right: CDMS-Si allowed parameter region and XENON10/100
bounds for fn/ fp = −0.7. In both plots, the best-ﬁt point is indicated with a white cross.
is presented in Fig. 5. We observe that a relatively small mass splitting of δ = −50 keV is suﬃcient to bring CDMS-Si
and XENON10/100 into good agreement.
Another interesting observation is that if the coupling to neutrons is slightly negative, i.e. fn/ fp < 0, targets with a
large fraction of neutrons will suﬀer more strongly from destructive interference between protons and neutrons. Such
negative values of fn/ fp can arise e.g. in theories with a light Z′ that mixes with the SM gauge bosons [19, 20]. To
study this possibility, we scan simultaneously over fn/ fp, σn and mχ and calculate the global likelihood for each set
of parameters in order to infer conﬁdence regions for parameter estimation.
The results of this analysis are shown in the left panel of Fig. 6. As expected [19], the best-ﬁt point corresponds
to fn/ fp  −0.7, which strongly suppresses the bounds from XENON10/100 (see right panel of Fig. 6). We observe,
however, that much larger values of fn/ fp still give a good ﬁt to the data. At 1σ conﬁdence level, we ﬁnd −0.76 <
fn/ fp < −0.58 and the 2σ conﬁdence region extends up to fn/ fp  −0.2. We conclude that no ﬁne-tuned cancellation
of proton and neutron contributions is required to suppress the bounds from XENON10/100.
5. Conclusions
The report by the CDMS-II collaboration [8] of 3 events consistent with nuclear recoils from scattering of light DM
particles is certainly exciting. We have demonstrated that the XENON10/100 experiments do not exclude the entire
CDMS parameter region. Moreover, the bounds are rather sensitive to the (unknown) behaviour of the ionisation yield
at the relevant low recoil energies.
Nevertheless there is some tension between the CDMS results and the XENON10/100 bounds and we have shown
explicitly that it is independent of astrophysical uncertainties concerning the velocity distribution of halo DM. Allow-
ing a possible momentum dependence in the DM scattering cross section will also not improve the agreement. The
tension is reduced, however, if scattering of DM on heavy targets like Xe is suppressed compared to light ones like Si,
for example because DM couplings are isospin-dependent or DM collisions are exothermic. In view of our ignorance
concerning the possible interactions of DM, it is essential that experimental searches employ as many diﬀerent target
nuclei as is possible.
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